The study of freshwater pelagic communities is entering an exciting and controversial phase. Recent efforts to clarify how food we6 interactions differ /ram food chain interactions have emphasized the various, often subtle, repercussions of top predators on communities. Predators can modify community structure not only through directly imposed death rates, 6ut also through direct and indirect effects on prey interactions, behavior, life-styles and morphology (e.g. induction of defenses). In some cases, the effects influence ecosystem properties (material fluxes, turnover rates and primary production). Attempts to trace food we6 impacts in enclosure and lake studies have revealed important timedependent system properties. Severe resource limitation of fast varia6les (phytoplankton and small zooplankton) stabilizes lower trophic levels, whereas the potentially destabilizing effects of fish population oscillations are long compared to the growing season and su6iect to year-to-year climatic vagaries. The time-scale dependent approach is important because it emphasizes how local (transient) solutions may 6e more ecologically relevant to stability calculations than overall (glo6al) so/u Cons.
Scale-dependent Dynamics: Zooplankton-and the Stability of Freshwater Food Webs
Traditional approaches to aquatic food webs (i.e. phytoplanktonzooplankton-fish links) focus attention on specific trophic levels, allowing investigators to concentrate on interaction rates within a single order of magnitude. By slicing up trophic webs into horizontal or limited vertical strata, workers on nutrient-phytoplankton, phytoplankton-grazer, and zooplankton-fish interactions can become experts on particular taxonomic groups and gain substantial insights into the pattern and strengths of species-specific interactionsl-3. (Fig. l) 
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Potential primary productivity (G) A further increase in C will lead to the primary carnivore isocline being passed and an unstable plant-grazer-primary producer equilibrium point is established Ig,-g3). With a further increase in G this equilibrium point will be stabilized (g3-g4). In aquatic systems with a high ecological efficiency a fourth trophic level -secondary carnivores -might be able to invade the system IC>g,).
The effect of a secondary carnivore is to regulate primary carnivores, and an increase in G in these systems, therefore, should result only in an increase in biomass of secondary carnivores and herbivores and not in primary carnivores and phytobiomass. In fact, phytobiomass is predicted to decline somewhat, especially at the transition from three-to four-link dynamical structure39.
Unfortunately, the Oksanen model (Fig. 21 , a more analytical version of the original Hairston, Smith and Slobodkin argument, suffers from two serious deficiencies: (I) it is a food chain model rather than a food web model, and hence fails to emphasize many kinds of indirect effect, and (2) it fails to incorporate resource quality responses, e.g. inedibility of certain primary producers.
The food chain structure predicts a characteristic saw-toothed pattern over a gradient of increasing nutrient input (Fig. 2) . However, empirical data on plant and animal trends across nutrient gradients show more gradual, less saw-toothed patterns (Fig. 31, with Protozoans, rotifers and cladocerans may possess defensive helmets, spikes and body protrusions that lower consumption rates by predators20. The net effect is that inaccessibility and resistance lower potential energy flow to higher trophic levels, making consumers as a group more resource-limited.
Models that incorporate inedibility and inaccessibility produce better fits with observed patterns'6J1.22.
Time-scale dependent models
Time-scale considerations present some of the most intriguing and perplexing dilemmas for analysis of food web responses. Arguments against equilibrium models come from some workers at both the bottom and top of food webs.
Log total phytoplankton biomass (pg I-')
Log total phytoplankton biomass ( pg I-') Although totally donor-controlled and receptor-controlled systems can be imagined, most natural systems contain a mixture of controls, and the lacobian has non-zero elements on both sides of the diagonal. That is, in most real systems, effects propagate in both directions (Table I) For example, phosphate uptake rates are traditionally expressed on a scale of seconds to minutes, bacterial doubling times in hours, phytoplankton and small zooplankton generation times in days, predatory invertebrate lifespans in months, and fish dynamics in years or decades.
Example of a time-dependent system
Because ponds and lakes are clearly defined, bounded ecosystems amenable to experimental manipulation, with easily quantifiable inputs and outputs, pelagic food webs offer excellent opportunities for joint community/ ecosystem studies. Sandwiched between fish and phytoplankton in these webs are the zooplankton, a heterogeneous assemblage of herbivores, omnivores and invertebrate predators that ultimately draw energy from primary producers and bacteria, yet serve as essential forage items for fish during crucial recruitment stages.
Formal stability analysis of a specific case (Lake Mitchell, Fig. 1 N = (N,, N, ,..., N,) to obtain a set of linear equations, dNT( t)/d t = ANT(t) 12) where NJ t) is the transpose In temperate lakes where the spring phytoplankton bloom is composed of small, highly edible species, the initial grazer-phytoplankton interactions resemble the first cycle of classic predatorprey laboratory experiments. The cropping rate may result in a noticeable 'clear water' phase, followed by Daphnia decrease, prior to summer nutrient-limited conditions32. Thereafter, resistant or inaccessible algae contribute greatly to the observed phytoplankton biomass.
The late spring to early fall 'window' of nearly stable nutrientlimited conditions potentially extends only over a period of about 120 days, too short for population responses of some large predatory invertebrates and fishes in temperate lakes (Figs 1 and 5) . Large invertebrate predators, such as
